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TOPrtIL)AL MAGNETIC FIELD SYSTEH FOR A 2-NA REVERSEO-FIELD PINCH EXPERIMENT*

T. U. Llnton ●nd J. G. Helton
Lnm A.laMn National Laboratory

Me Alamo-, New Amxico 87545

AS!!TRA=

The cnglneerin~ denign of the toroldal urnnetic
field (TF) nyetcm for a 2-NA Reveread-Field Pinch
experimen: (F,’H1) in deacrifwd. ZT-H iB demigned with

m~jrx rndiun 2.15 metern, ❑inor radiun 0.40 metern, and
n pLuIk toroidnl mmgnetic field of 0.85 T-elm. The
r@t!uiremmrL for highly uniform fivldm, with spatiel

ripple ● 0.2% lendn cm N design with 72 ●qually mpsced
circulnr T} CO1lFI, lnrated at ❑inor radlun ff.6 metern,

cerrylng a rzxxlrnum current of 9.0 flAm The COI1O art!

drlvvn hy ~1 12-!4.1 c~ptiuitur hank which in allnwerf tn
rtn~ in nrdcr io nlrl tlm rcvvrntil of megrretlc field.

Thr murhmnl,-til dcslnn emphtintzen wany ●cre,!rI to
Lht, llnt~r :IIId irvuldn tlw lmtvrlucking IIf TF nnrl PF CIIII
~Lrut:turcfr, IIIIIH nllnulng vnsy re-jval llf tho coil

~wwmhllrs. TUII ultvrniltlvv d@eiHn conrupl~ rrre runrri-

dt,rwf for thu TF cnllw. Thv flret rnnrr:t ULIIIZI’11 ~1
I-[IwII nqunru prvf~lhrlcntrd c~blv wound nrrt(} II roLnLIn~

Rpuol uhlrh IM ~l. rurturnlly nufrpnrlrd hy wrdRcM nnd

hitl.. t.-rn LI!IILwl tII tlIr mJdIIIIr lr~mo. TIM’ IItllcr rUIlrCp L

UL lllr. u~ mitrv I, IIIIVI.111 IIIIUII pro furmvd 11111” Mvgmunl * 1) f

;!- I 111.1) CIIIUIUV1 ,nr I.l)llllrr I 1,11 LhrouHh h,) 1 L v(1 rllrrt, nt

111.IMH.

A MLrvNs 1111,1‘ yll[tl [s proH4~nllwl, hnnvd upon
I.,lll. II!, IIIw1 hoop Ionnlun, rt. nlrrln~ fnrrv, nnd uvvr-

lmrnlll~ rnlmonl , trlvrling (III-HI. 1111 ;1 romh I IN II.I ml of

Hlollfr l!ln(lv Illld t,llll Hflh~rlllg Ihlll thli lllsrlldl\” llilLllrlm

IIf 1111, l,llldlll~ I’IIIIHI, I; II!ISI, nmpllllrntlim. TIIc, It,nd

I rIIIIWl t,r ,11 I awrv~t IllIll mlml~lllll In rnnfildorud JIM :1

!Ilr,.n.i 111.11 rllMIl 11,,1 r,.,il<lvd hv I 11!, I.( II Ill, H\l\lp,,rl

s! Iu,,t IIrv.i , WV II V,IS.;, NIItl I III, III rurl!lr.11 NIM II I .

IN’I’MIIIIIII:TI I IN. . . . . .

;v.+1 I. I J pr,lp,md , qA rovrr~tvd-1 111111 II IIIrl. (RFI’)
,11.,, 1,:111.!1 I II wkll Pily.111 I Irllll: I*KI r;lp,)l.11 It Ill ,11 I 110

],1 1.,.,.111 kF1’ 11411,1 114.11, lwnril 11::,11 VIII. r~.v ill.ll Mllv

r,..I l.. ,tr .,v., lore... AU .I II 1,~11’11 I rnuHltmm, 7 wI II ht. UIIISII
I .1 11111!11.,, #l I,l,lnm.1 I.111 rl.nl ,11 :’-MA :111.! N Itmoldnl

wi,lv I,. id wI II I,r,,d,l,.i. J PW.1} l, II I,ldIIl MMMIII*I II f IvI II II!

11. m’l I’1.1,1.I. ‘TIIv @Ivultnl dlmr,l,il,,llu II! Ihw plIIIml will

III. m,n),,l I.,,ll, iu ;,1’, ,m.la,l,. II 11,1 mlnamr t-ndluh b 1).(,11

m.!l,.1,,. (!h,l 1“1):. 1)

!; 111! 1, ,111 UFI’ Il\la, l.lfl,.. . * ,1 II IWI. I v,ll I14s .I: I,trt,l,l,&!

IE. IK, II. I II I II-III !II,III .I ,I,m}, I, Iltl I. Ti,k,lm:lk 1,11 t ,11, Itlllm.

1, I ,Ivm.u ,,,11,,111 , I I,,. ,11...1/11 ,11 ,111lrF1’ Ivpfr,ll Iv Il. 11111

Illnlli,ll l~v 191,111.1111..11 .111< ..1.19... ,111 I 111. Iliri,ldnl I 1111,1

,,111 . . . Till. 1111,%1 Ilnp.ll! .1111 1,1, 1 #11 Ill 1111. 111.ul):ll Ill 1111.

Inmlr,lla,l 1, t..lvlw,m 11,,.11 Itn.a..ma,.i Ih.. all liIwIihl I. m,l~nl,l f,

I 11.111 ,.1 1,, ,., I 11 I III. 1*1. IIIM.I ra.ulaun. Fast 1110 Iatrtbl,lnl

I :1,111 .Iv.,ln,m, 1111.. ;IM8NIIII ,4 ,,, mllllml~lilp. I 111, rnd I ii I

,,,:,,8,,11,.111 ,,! I Ill. 1,11.11 I,_rl I 11,1s1 I Ipltlc, II nil I ,1

, ,,111 1,.IIIIIY m,~a 11,11111 .11 I 1911a11111S.VM.

“rhll. IInpl. I 41,11 ,1,, O1...l III,. 1,,1 .lI, Ifi I ❑nulwl II. f 1o1,1

nv,ml i..n I III .’.”I Il. }1 Ioil 1111, ,. Illr. Ild 1,11 mngilol II. II-III
(.1 1.11 II ,111. ,11,11 .11.1!10 ,1, :1,. WI- I I Ii II IIIc. l,lnHm:l phvMl,\14

III 1):,111, ,,1 1111. .ll!,.l! ,1. ,;,., ,111,1 , I 111. I,llllnrlltll .111 1,!. UI

Illr 1. 1111.11.1 Wllll 1.!:1111 ‘1, 1111, I,almltvl abi I.,IIIM 1111,1

I .111I ,1 I 11,1! ,11 Illllllly .11 1, 1.!411MIIIP91 , lid Ill, vrr,l I I-III I

,. 111111,:111 .I1 1!!11,. .111 , iIM1.,lll. J I,v tit II IIldl III),, I III. m.1~m.1 l,.

I 11.1,1 111-11 I 111111 11!11.1 I,! IWIIIIII IV, ‘1”)11111, 1111. mal).,nrl l,.

*
l!, rL I,VI I,llml.ll 1111,11,1 I Ill. llllll\ .11.1, 1 ,!1 1111. Il. ‘i .

[I,n,,,,, lm,n,,l ,,1 !’III, I):V.

Figure I

OVKRAIJi VIWI OF Y,T-11 MACIIINE STktll(:TlltW

f [L* III foruv~ art [IIH IMI tho turuldnl 1111111 CIIIIK 111111IIMI

Hilppllri ill~ LOrUH ilrl, mnn Iyztd. tirxl, II IIIWW1 ,.11[ 1

dVHiRIl III prupuucd wllrrvhy prvlnhr[cdird I.1111’o “lr,-
Wlllllld in plmrv Oillo thit Mrhillu hv Ill !I[?illti -I

“ntn~illg” mpulll neat lU thr miIrhl Iw, LIIII* III fmllml 111):

Lht- 111,1,11f tlr ❑llll illlls l’lllldll~ll)r L.llrrtslll )Ullll!; 111 I Ill,
(-11111. Plllfilly, LIIII rrHull N III d 1111110 rlrm,.nl !,lr,,:.,i

nnJlv IIIH for Lhr mnln wpp!irl I rmr, I}ulkhvnlfl+. JIId 1111’

nuppi)rl IIIK nlmmfnurn HIM III ra. prrna, ntt. al.

m@M.1 Ii. Flold F.rJ:jqr :;rlli, rlim. . . . . ---- . . . .

A Hlmpllffiul nndlvl !,. JII1; II VN III, .ull,l,r)rt!,,l h.. i.,~jrl.

111,1.11 11, d numurlrnl I 111111 I 1111. I 111(.IIIK,

III
IIldl.!ll l,!. 111.11

nrlfvr III nvu[i[ mn~uvl It. [Iil;llldl! Jllllvl, !1 )!. IVPI1 1: 1:1.,

IIIIG rdfnl rrlmpablwnl 411 nnlMvmml,l rl, I 11,111 a.rln,l .,,

Imrmilllzod 1., 1111, p,!lllf,l,ll I.llm;l,,lll.111 Ill 1111. In.ly.!ll,l II

Ilold, 11111)111,1 ,.,11 I*IV 1111. 1111.qll.1111 v’

III III,, 14111.11 t.t,ml,ablla.11[ ,,1 !1

:;::,:; ::s!!

,11 I 111, ,.1 1811

u ,, III III,. pf,la,l,lnl ,.ftmll.blw.11 ,,1 Ilua. m.1),,llm.1 I Ili.111.

II l~a 1111. m,talr ullmltt.1 ,

n IW 11111 ml IIIIl riidlil~. III II I,, 111.1.im.1,

II ‘ In 1111, iii, rlvnl IVIS 1111’,11 i,! III,, II 1,1,,1 Ill,, ,111,1

AI/11 III 1111. mnnlmllm I,IIIIWI,II I 1,11.11 Wllllll ,11 I 1,,.

mnp, ni,l f 1, 1111: IId,..

This lIIvquIIll I,: mliul II,. M,II 1 ).1 Ii.ll .II II I,. , I II 1, .II

r0v9. ru.nl *111 111,.v, Will.11. Ihr t 111111,11!1 l!l.l ):111.1 II 111. l!l 1,,

V#I1’Mlnll . Illlwl. vl. l , 1,11 ,.llllll,. IVIII Iv, !ll, %l~.11 l,lll\,lS.lt’,. u,,

rqlll 1.1, 111.11 II IW 11,11 Illf 1,,11 ,11 I Ill, . !11 1,1. 1. ,,1 I 11s,

,Iliifim:,,

11!1I 11~ llllmha~l,b nl~platl,rldll 8, I III .“1” 11, ,1-.:8 , ,l’-.l, ‘ ,

Irllll Iql,ll 111~ Al,’11 ~ {1.1’, ( 1 .,,. 111{,1 1111. 1,11.11111 b/ flllll

h,. I 1.111. I 111111 Ihr 111.1111111’1. Iwl+l,,. (111 I,,v,,l.1.11 1,1,:1.1

,111!1 I 111, p I .Inmn Illlrl ,1,.,, ) I Ila. 11,1 Illwlll)’. !Ill! .11,111

11.11 !111 ,,.
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TIM, maximum IIcILI crroru for varioun pertinent
modt, numhcrfi art! uummnrlzed in Tablr 1.

TABI.E 1——.

MAXl!411)f I’EIU41WAIII,Y,FIELD EltR(IR

?fmlt. !Wm!tt, r MaYtmum Errur

II _-(hr/fQ;--------- ---- . .

I .04

1: .4’)

:’.’1 .~{l
\f, I .“111

.’,N I.nl

l.’ ;!.)[)

!.lrt,t,ltlrl. l,Ir II I,. I,,IIIM ,.$lnlll+lt u Ill Iwl.lvr vvrt II-III

hIIlkl IISiI,l* *p. IrIId I.q IIiIl IY lijr~,ldiillv nrlniud LIII. m.lrhllu..

(!~l,i, I’lfi. 1) II 1% dllllt.1111 tII milt.! Iht. II I. I ❑,)tlv

1,1 Ilrrlili, ~llml,lv lMIIOAII.iI. Ill dlt I 11,1111 Iufi III mL.I.l IiInlt. nl

[U,:a.rmiut.,.,i, TIII. II - l.’ mt)tli,, AIIII mIl HI) 111111 cull,

Will .Ililll,,ll W:,,*II I Ilu, m.1,.ltlnr IK I I rd .IIMI I INS I ,,ruti
III, .,: 1!1 Ill.)! Ill .111 II - l.’ m,l,la, . I 11 V1l. w Ill I Ill,

,I,!ll,.l,ll,o 1:1 .Ill.llv:lll): 1111, !.l .11 ., IIn,l alvn.l ml,, l)rt~i~la,m

,,X,I,.I Iv, Il. I I Irlll rrllll W.1,. 1;1,1 ,111 ,1 I)r,.llmllml ~

I,ll);l,l . Till, III: II,WI,I): ,11, .1 [).,11 1.1 111.1’lil W,, l,.

!. :1 .11!1 I .!lll ,11.

11

.’ )

11

.“I

I’111, l.l!ll .11 l,lwplllll,lll Ill 111,. ,411.111:11 I Ipplt, II! I 11!.

111.1):114,! 1., 111. 1,1 ,.IIUI I Ill. 11,.1% 1114111 Ill Killlfl,l .11 1111,

I,llip.m.l ..t II I.1, ,.. “Till,. ,,,art,,,il,a,llal., l,, (1,1: ,,1 I 111.

1,,11!,l,l.,1 Imol):lll,lII I 11.111I I.II ‘r{.~l.l) PIIIIIII,,.,l hv ,1

.’.II !1,1 1,1. ihm. t t.111 laUIIl ,11 .I mllltj, rntllllll 111 ;Il) 1’N.

“1111, I’.llll. ll u ,1111,,,,111,111 ,11 1111, I,lrlll I 11. llln l., ,1,111, ,.,1

Ilv 1111, !’11! 11,11” I a a.Iln. ,11111 {111 I.la. a,lllll, t 1 1,1!1,, l,, I 119. “l’k’

,1111., .:11.11 I .11 ..,! 11111 ,.R, 0.,.,1 )1 I I;mlll.:.l , ‘I Ill ml

II, *. I I II I IIMI ,,1 .1, I,P, .111 !Illl,l,l 111!111 illl 1111. Illlln. nl 1,,

1111, l,l,lllla,l 1 11111,.1,1 1111.“II ,11111,, 1,11,1,11,.,, pl,l,.,11 ,1
Illw,.1 I 1:1111 11,1 II I,. I ,,; .II llliml~,,t III Ilitlih llIml mIIul

1,,. ,1 .,,.1 1,, I Il. ! “1I Ullllllll)...l,

I’ll,, ,,11!11 I 11,1 .1.. !1111, l!! 111111! lp,lll’11 :,,l,.l .111,,..1 III

II IF. 1111,,1111,1111 .: ,IIIil .Ill}:lm,.lll ,,1 LIII. rl , ,,11,. .IIIIII 1

11,11 ,,\, 1.,.,1 Ill ,:,,,1 . . .. ,

a IIlll]!,ll 11,,111 ,!! :i(. VI. I.ll ‘r~ 1“11111:111:1IUIII. . llllll.

!:I.VI,I.11 II I !11 1 I 1,1,1 1~,111 .11 !,,111. W,.1,, , ,1111, lnla. la.d 1 .,1

Il. 1“,,1 ,..1,II a,11111)..!ll.ll In,,. 111,.11,111111,11111.,1 111,.“1”}. -.
1!111.: ..11 “,1,,’, II 1,,,1 .111!1 Ill,. 1 II m“~,,,.1 1, I 11. 1.1 ,4.,1,,

1,1”1.1” W,l,, 111,,,81 I s, , ,,1. ,11,11 ,. III,. I.llll :11 I rim~l,tlh, 11 III III,.

l~hll Ill I 11.1!1 I 1111111, .11 ,111. pl,ll, mm .Illllll, ,,.

“rIll 1,1. !,111 , ,1111 Iy.lll .11 1!11111 ,1I 1. I 1 Illnl I,ill. rl I II

I 1}:%. .’ .11111 1. I .,, 1, , ,,,, ! 1~.!lf.11 1,,11 411 Inlwtm M1l.1, 111~ 1111

I II,. In , t,,dmi,,l .11 1,!1, ,,1 ‘1 111!11 ,Illlp.1111111 II nll.1 I.*V 1, IFl!

1!!11 t ,1 Ill lwl. l\,,. ll!l!! 1.1.11 11.1 .11 1.11111. Fl~,,lt. : A 1111,sh’11 ,8

V1..b !,1 11, “,,ll. ll},,lll” , III I nl,,,l,ll,.1, ,.,l! 1,11Iv Ill In, ,*, I ,1”,., v

Ill ,1,. ~l,.,. m, .,,81111181 1119. I ,1,,,*, wII II V,I, II m,,iltllr I.11111PIIIIIIIK

II Illttl,, . l“l~yl l,. .“ N Ih mlmllnl , C,nli.l,l II I,. ,,,111, “1,.

tapered in order to reduce the ●pacing belween coil~ on

the outnide o? the torun. Figure 3 ●hewn 72 mtralght

COil modulm mpaced ●very 5 degrees around the torus

with ●ach module containing 4 turn~.

The ●patiml ripple an a funcllon of radlnl

ponitlon of th- coilo for each of thcne confl~urutiorm

ie ●houn in FiR. 4. While there in an evldvnL

mdvantage to tapering the COIIH, there LB a grenter

mdvantnge to increasing Lhe number of Coil -dulen.

The 72 coil configuration wan 6eiectPd for the ZT-11

denign, and Fx n cnil radlue nf 60 cm, the rmdlal

error field in only 0.122, wI1lcI1 in well wlthln the

target criterion of 0.32. Thlfi mllnwH a

future

wrg:ll for
dcnlfin chnnRcR, ●nd fur LolrrHnrr H In

pnfifLhnln~ the iF colln, RR WCII MN mlluuin~ Iur L omt.

uncurlafnty rmnrurnlmg Lhv pri.,:i~lnn rd tl; t. rrllvrlon

Ilnl,!t.

?ield Errurn frnm ~’urra .11 hd~—.—.-. ..----— .- ------- ---- . .

Thr t!rrur f Icld from lhr ,.urrrnl lvt.rf.; t!) !Ilt. TF
c(1I :N rnn ho CHLIWIIW1 hy mnHumlng IIWI III,, vrr(,r I lvld

IH prudomlnmnllv n Iltpulol mnd Intv}:rul IIIX [II{* dlptilt

‘–T7’T-

140

Mj .....1.-
3.......... ..’

.—-—-J.- .- _._..~~
I :ill lnll :11!11 :’;’() ;14(1

X(1:111)

\ .

\\

O\

--. -:

FIHIII, ; A

Y ““ 1- “’. !-r-.~-”-’” ”-–”-

\

‘i
L- ,~” \

.. . . JL.-
I.111 I Ii[l 111[) ;~ilo :~;*[l ;1411

X(1:111)

l“t~llll. .’ II

“I”wll 1,1111 Iy, ul,ll 11111,1 !.! II! 1“1 I ,,1 l,,

1A) ‘,11,11 }:1,1 .,, II,, 1111 “1,11 !l .1, ‘ I“!lll%



l-.----! -- ---

(4)

For ZT-11, thm pMLk rewrme curranL will be
1~ = 3 x IOh ampere-tutne, for which NH > IU4 turnn.

The srror ticld from thr lnterconnrctlorw Imtuemi
the coil -dulen lm mpprtmi~tely thr met flold fr:m

Lw mtiparmllel curruntn,
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dr~rwm rirtnd I k I wuH , Wlrh rlll I M61, hll,. ,Wllll,lillllly ,

lurnnn 1111’ ;1 I Ill ill Ill : mm 11111111, .IIIII Wllll I 111.

!Iii,lrt’i,lilli,t”iii Iwlwoou md~il,.,, IM.Iuv. M,I,I,. .11 ,1 Mlllt,l
rmdlu H III hh rm I,r glII,IIIIr,

Ttw rraltmn 1,,.,.1 1,)11 t)! viu 11 i iirttl.ldl ,.111 I Iut II U,III
Ilrulld Ill h, 11. iltl:, Ill”’ Iillll 11,1,1,!,1 ,,,1 .1 1111,11 1111 ..[,1,11

I.urwa.111 III Il. c, MA, n rIIrlrI II dI, IIH II V 111 Ill k,\ 1,,. , .Illll
.’MP 11111111.

%1 .IIIHP awl [ l,, Hhllri (Il. ‘ 119.1.111111I Iqllivml 11.11[
1111111111, Wlvr rIIml Ilw 11111hwiwl ri. p,l Ii II, U 1.11 i., II l.,
MINI uwrh, tinnrv I II 1.1111I I hi, I l!l’1 1111,1I , 1111,1111I Ill , TIIB.

1.111 II-III I,llnl wmu Ic,,s IIwI Al 111,111111 flmpl. I,, r .’1’ v,.iuul..
durnl I,wtm mIul t 11,.11 r~. p.,it ml f tm WWI.11 IIIW14 ,11 II 1,I

Hvlw!lld Inlvlvlrlm Ulii, ;1 11,hllll !11}: .lll. I,lfiw lUMIW1. ,t II,.
f ln~, Im llw ,)rtlwi ,s1 H II PI:. I:,lmpul.11 1,-11,1 hl..ll ,1111

Vnlllwl III Irmpmr,ll IIIWU III Il,llh 1111,11 ‘1”1 Inwlwa.rll pl, llm%

1 ,11 RI..B ma,u.ond WqIIl WIVIII1jl h 11111111 w:lw.

I’lrhlwc,lll Ill tlw :Hn rmppl 1 Illlllu 1% l’1l. !.,l, ,, ,,,

■aullrl Il. l!wld 9.11111 Hpvrll 1, Ill 11!111.. Th.w mnhl III

11111 Illlmlw ❑pnrr,l Irlllllh I Ill. 1.1 11.uml,,lvllc. u ,,1 t ha, 1111111,
I 1, ml llloww I Ill np~’1.11 lvd ,~11,,1’ f 1,.1,1. Tllr .I..lmlllllll

nlld Itrdlnl pcImll lIInm Iii IIIc. 11.111111111 I Ill IV JIIW IUIIIWI
Inl luc~lltld hv 111!. Imwul 1,,1 11.1. mMhI Ihr ,Illrl I rllml
I 111111, Ivnll 111,. IIpnc.i, Illlllrmlvl I II Vrlrllllm IB,, r’1 ., ●11,1

,11. I)!JIIVII Il. IUIHII .11 1111111. !illl Inl vlll~ I hvnr dull I y,ll



condirionn results in 72 wenLy ●pacad locmtions for

the toroidnl windlnge, ●nd requires ●djacant 2 x 2 turn
callm. Each turn will be prafmbricated fra 15 ●trips

of l/lb” thick s lm-wide Fommr comtmd coppar to h
overurnpperl with lneulnLion ●nd umad as ● 1“ square

cuble. Becaumv of che differential lmqth develop~d

beturwn inner nnd outer coppar st’”ipn, only the flret

2“ of tlw copper ●trip will be #o!dcred lntu m current
joint to mllou the reminder uf the 25-foot lon~ ●trips
to be wound tnlu H two-turn col’.. ~ ●nde of the 15
■tripe arc then trl-d to muit, and the other currant

joint Iq formed md ●older-d. A threaded ●leaw+ innert

in mllvur bra~ed into emch ●nd of th~ 1“ squere copper
cahlv, nO Lhnt thct be~lrrnlng mod cod of ●ach two-turn
rqqwr ticrnp can k bmlted to th- next coil in ■erien
or L11 1hr Incoming power lead (cue FiB. 5).

Tr,mnfvrrlrr~ Lht! profrbrlr.mted cmblr frrm a wuokn
Hlllllli nntn thv -chinv ro!l form yielde ●asy mechinv
nunvmhly mnd rwlucon thr number uf rurrent Jolnln.
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toroidml coil cantmrlng Coru ●d, c) the crmcform-

tion of tha toroidal coil ovurturnlna moment into uodge
Frulnmd forcan on thu to~um.

Ttw =CnLeriW force (20,000 lb-) mnd th~ Loppllmg
mowu (36,000 fc-lbn) ● rv comvortod locn an ●quivalant
●~:armal pronmurm or lime loed ncti~ on tha ●hell.
The cmtarmcl preanura wan umad to calculate oVarnll
tmm bucklin~, ●nd the line load for mnsrntrlc
buckllng ●valuation.

aticklln~ Celculution-— —

The thenretlcnl bucklinu calculation wmm prfomrd
in fnur wmvm. The flrmt in bcoad on ● long cylin&r
LIIC Mnme dinnrtpr am :ha ■inor dlamcter of the Lorun.
TIIW thwnrrtica bucklin~ prrnsure le frm:

K IJ (ni- 1)
Pcr = p’- “

(n)

11
\“; ~

Pr r 11.171HE ..—.. l! I
‘T

I

.-; . (1-v’’) ”,’

!11111

Attl.
1’1.1 . ..+. ,

r.

(9)

(Ill)

And I III, II Iv, 11111lmt.klln~ III IhII rurutd hI.,Im Huhlorlod

Iii .1 ,VIIIVI lnE I inr I,i.ul Iimw. wiin .wmpulvdm

I*. I
‘1,., - Ml ,

F,ll 11111. MIl,ll.

l.!ll ,11 11111.kllll~

Ililllu Hlllkllll}:

1,111..11 .,, L,, ,\*l.lvw,: I l,.

Ilurkl l.,: 111 11111111’

Anl I,ivmmull Ii

(11)

Touw’m mdulue;
Polmon’s rmlo;
-11 chteknmm;
radium of cylinder or ■inor rndium of torus;

ujor rmdlum of torue;
maent of Imrtla of beam crrne ■ertion, the

■inor crms ●octlon of tho torum in this cmee;
buckli~ -da mmkr.

~aulte of Toroldal Shell Anclynie

~ tON_ wam mtdelad without jointn . i diaRnns-
tic port- (unconnarvmtive), ●nd did nor cnnelder
ntiffani~ ●upporte rt 30° intervals (rnnscrvaLlve).
The loodn on the 1.f17$-in. thick ●hdl ● rc ●mmerlxud
In Table 2 ●ti the remultn of the bckling analyHim nrr
-hum in Table 3. The difference- btwwrn thrurcllcal
huckllng ●nd deeign buckll~ mre bemed on m
iq~rfectlom fmctor of cm md ● ●mfety factor of run.
Am can be ●en fra the table, thu ●quival~nL nppllmf

load ie batueen 1/3 nmd 1/4 of thv demi~n I,md and
therrforr ●how thr torus deelgn tn be conmtirvnLIvr.
The ●hrll stramne ucrw ●len computed frrn a bulkhtwl
flnlte ●lament mdcl renultinR in ● n mcLuml ● Lreen nr
7,01MI pml, which ccmparmd tn the yield atrrmn of lIJ,INHI
pni rt.wnflmn n 4:1 ●nfety ■mraln.

Altvrnate Toroldal Coil f)vel~n muf Cummr~uL.nru—.-..-——— . . . —..—-. —-— .—.-

(Xmnldrratton wee Rlvcn lU Lhr UHO 01 l“ nqu,lr~.
Hnlid roppw bmr prr-mhp?d cl) rorm InIt’ ntSKmlIINM,
Julmvd hv tunguu nnd Rrutvr blted ronnmrlluun. Thin
WIIIIILI k 41 mrv donirnble ●pprucch Irua n HLI’LIMMpoint
ml vlru, thv cnpprr hnvlng lht. rnpnhl lit y tcI r,lrry ■ nrcc

Imuf, Lhrrrhy Lrnnnfurrinm lrnn 11A 10 ndlnr,.nl

nLnm”lurill tskwrllLn. Ihtua”tor, Lhr IWllnL*l[UJll(U would b
n grrnlvr mgh~~r of rurrrnt ~lllll~N, and lIIIS tflllirully

III hllldlng Ionr-tmrll rollnm lull LllrnH Illgh wI II, pr,lpor

lnnul.iLl,nI hllwvrn turnn. lnlrlrqi nMnrmhlv Ill I 11!,
■.lrhi!vt il wmuld ho dll: iru”l LII Lur,lut, h~ll*d !.11Ill !;,

whlrh hy lw*!rllHiLy wmultl havv t!! fw III I-HoI I rum Inw
mnnthrr. Thr hultiwl urrtiu#r~v!L ul VIKIII 11111” Iur,w Iii
Inrm u rlwr-lurn rnfl womld ht. morr tSKptSUHIVV ,IIMI p,tMw
¤lllc~ llllll~li Iimit.11 iltllll 1111dfn~,lllllll il. lll-l.Q, NII.
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